L 



l'/Ul 03 15:34 FAX 613 9663 3099 
— \r7xrr ' lasTO fBTry sxrm l"T6 2S3T2 3 3 



F. B. RICE & Co. 
n* " AU STRALI A SAffiS" 



10 UU 



BEST AVAILABLE COPY 



"P^T WORLD INTELLECTUAL PROPERTY ORGANIZATION 

Jt V-' A International Bureau 

APPLICATION PUBLISHED UNDER THE PATE^TC OOI >E RAT10N TREATY (PCT) 



INTERNATIONAL 
(51) International patenrdassiBcafiott' 

C12N 15/11, A61K 31/713 



, 7 > 



(XI) International publication number; 



Al 



(21) International application number; PCT/DEDO/00244 
| (22) Intematigoal filing date: 29 January 2000 (29.0l.OC0 
I (30l Data relating to the priority; 

I WUJ Q3 30 January 1999 00.01.99) DE 

199 56 568.6 24 November 1999 (24.11.99) DE 

I (71) (72) Inventors and Applicants: KREUTZER. Roland 
IDE/DE]; Glorxdorf 26, D-9S466 Weinberg (DE). 
JJMMER* Stephan [DE/DE); Leibnizstrasse 14, 
D-95447 Bayreuth QDE). 

I (74) Attorney: GASSNER, Wolfgang; Na^elsbachstrasse 49 
I A* D-91052 Erlangen (DE). 



WO ou/44895 



(43) 



International publication date: 



3 August 2000 f03.08.O0) 



(81) Designated state* AE, AL, AM. AT, AU, A^ BA, BB, 

KI^PI, GB, GD, GE, GH, GM, HR, HU, ID, IL 
57 asTjp.ke, KG. KP. KR. XZ. LC, UK. LR, IS. IX 
LU LV. MA, MP, MG, MK, MN, MW, MX, NO, NZ, 
*L>T, Ra RU f SD, SE* SG, SI. SK, SL, TJ, TM, TR, 
XT, TZ, UA. UG, US, TJZ, W YU, ZA. ZW, ARIPO 
Patent (GH, GM, KE t LS, MW. SD, SL, SZ, TZ, UG, 
ZW), Eurasian Patent (AM, AZ, BY, KG, KZ. MD, 
RU, TJ, TM), European Patent (AT, BE, CH> CY, DE, 
DK, ES, FI, PR. GB. GR, IE, IT, LU, MC. NT- FT, 
SE), OAPI Patent (BF, BJ, CF> CG, CI* CM, GA. GN, 
GW, ML, MR, NE, SN, TD, TG). 



Published 

With the IntErnauonal Search Report. 

Before expiry of the period provided for amending, the 

claims, will be republished if such amendments are 

received; 



- - As printed 

(S*) Tidii; METHOD AND MEDICAMENT POR INHIBITING '1HE EXPRESSION OP A DEFINED GENE 
(54) BezelchaUDg: VSRFAHREN UNO MEDlKAMENT ZUR HEMMUNO DER EXPRESSION EINES YORGEGEBENEN GENS 
C57) Ahflrtnwt u 

The invention relate* to a medicament obtaining at lease; one deublc-fltraodcd eligoffcoftudecdte (dsRNA) designed to inhibit the 
expression of a tsrg« gew- Aixcrfdlns id the InvcaOon. 0116 strand of ihe rfsWA £s it least hi pan complementary to the largest &cno. 

(57) ^usimmenfBasnn^ 

Die Erflndung betrifft cln Meditanem mil mlndtoens efaera ougnribonuklectfd mit doppelgtifintfier Strttear (dsRNA) zux Hwnmung 
dor Express ion cincs Zisigcn^ wobci em Scrag da dsRKA xiimJwJeat abschmxtrweiss JcompTcmenifir rum Ziehen Ut 



17/01 03 15:34 FAX 613 9663 3099 
i/VOX — U3 T 3I5 9 *P7ar>eXTf"*6TWT12OT 



F.B. RICE & CO. 



BEST AVAILABLE COPY 



ONLY FOR INFORMATION 



Cades used to identify the PCT member States on the flyleaves; of ihe brochures in ^hieh htentational application* made 
utuier the PCT arc published. 



AL 


Albania 


ES 


Spain 


LS 


AM 


Armenia 


n 


Fialand 


LT 


AT 




FR 


France 


UJ 


AU 


Australia 


GA 


Gabon 


LV 


AZ 


Azerbaidjan 


GB 


United Kingdom 


HC 


ISA 


Bo^a-Hcrzcgovtna 


GE 


Georgia 


MID 


B8 


Bartrados 


GH 


Ghana 


MG 


BE 


Bclgjum 


GN 


Guinea 


MK 


BP 


Burkina Fasso 


GR 


Greece 




BG 


Bulgaria 


HU 


Hungary 


ML 


BJ 


Benin 


IE 


UtLmd 


MN 


BR 


Brazil 


XL 


Isaftl 


MR 


BY 


Belarus 


IS 


Iceland 


MW 


CA 


Canada 


rr 


lia|y 


MX 


CF 


Central African Republic 


jp 


Japan 




cc 


Conga 


KE 


Kenya 


NL 


CH 


• Switzerland 


KG 


Kyrghyoum 


■ NO 


CI 


Ivory Coast 




Democratic People's 


NZ 


CM 


Cameroon 




Republic of Korea 


PL 


CN 


China 


KR 


Republic of Korea 


PT 


cu 


Cuba 


KZ 


Kazakhstan 


RO 


cz 


Czech Republic 


IX 


Saint Lucia 




D£ 


Germany 
Denmark 


U 


Liechtenstein 


SD 


DK 


uc 


Sri Lanka 


SE 


'EE 


Edtoaia 


LR 


Liberia 


SG 



Lesotho 
Lithuania 
Luxembourg 
Latvia 
Monaco 

Republic of Moltova 
Madagaasar 

Former YufioaHv Republic 1M 
of Macedonia 
Mali 

Moapolia 
Mauritania 
Malawi 
Mexico 
Niger 

Netheflonds 
Norway 
Now Zealand 
Poland 
Portugal 
Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TP 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turtxy 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UC 


Uganda 


US 


United Sates of America 


uz 


Uzbek! scan 




Vietnam 


YU 


Yugoslavia 


ZW 


Zjrnhahwft 



17/01 03 15:34 FAX 613 9663 3099 F.B. RICE & Co. 



©006 



5 



PCT/DEO 0/00244 

WO 00/44895 

Method and ^dic^ent: f « i*hi*i*I«l «xe expression of 
a given gene 

The invention relates to methods in accordance with the 
premies of claim, 1 and 2. It furthermore relates to 
a medicament and to a . use of double-stranded 
oligoribonucleotides and to a vector encoding them. 

Such a method is known from WO 99/32619, which was 
10 unpublished at the priority date of the present 
invention. The Jcnown process aims at inhibiting the 
expression of genes in cells of invertebrates. To this 
end, the double- stranded oligoribonucleotide must 
exhibit a sequence which is identical with the target 
15 gene and which has a length of at least 50 bases. To 
achieve efficient inhibition, the identical sequence 
must be 300 to 1 000 base pairs in length. Such an 
oligoribonucleotide is complicated to prepare. 

20 PE 196 31 919 C2 describes an antisense with 
specific secondary structures, the antisense RNA being 
present in the form of a vector encoding it. The 
antisense RNA takes the form of an ENA molecule which 
is complementary to regions of the mKNA. Inhibition of 

25 the gene expression is caused by binding to these 
regions. This inhibition can be employed in particular 
for the diagnosis and/ or therapy of diseases, for 
example tumor diseases or viral infections. - The 
disadvantage is that the antisense RNA must be 

30 introduced into the cell in an amount which is at least 
as high, as the amount of the tnRNA. The known antisense 
methods are not particularly effective. 



US 5,712,257 discloses a medicament comprising 
35 mismatched double- stranded RNA (dsRNA) and bioactive 
mismatched fragments of dsKNA in the form of a ternary 
complex together with a surfactant. The dsKNA used for 
this purpose consists of synthetic nucleic acid single 
strands without defined base sequence. The single 
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^Watson-Cric^ base pairing, giving rise to 
^le s««nd S . The teem - -Md» 

inhibit the amplification of rotaviruses such as HIV. 
A^lifieation of the virus can be inhibited wta ^» 
sequence-specific dsKNA is introduced into the cells. 
T^s le^ds to the induction of interferon, vhxch " 
intended to inhibit viral ainplif ication. *he inhibitory 
e£fect# or the activity, of this method is poor. 

It is known from Fire, A* at al., NATURE, Vol. 391, 
pp. 806 that dsRNA whose one strand is complementary in 
segments to a nematode gene to be incited inhibits 
the expression of this gene highly efficiently. It is 
15 believed that the particular activity of the dsBNA used 
in nematode cells is not due to the antisense principle 
but possibly on catalytic properties of the dsRNA, or 
enzymes induced by it, - Nothing is mentioned in this 
paper on the activity of specific dsRNA with regard to 
20 inhibiting the gene expression , in particular in 
mammalian and human cells. 



The object of the present invention is to do away with 
the disadvantages of the prior art. In particular, it 
2S is intended to provide as effective as possible a 
method^ medicament or use for the preparation of a 
medicament, which method, medicament or use is capable 
of causing particularly effective inhibition of the 
expression of a given target gene. 

30 

This object is achieved by the features of claims l, 2, 
37 , 38 and 74 and 75. Advantageous embodiments can be 
seen from claims 3 to 36, 39 to 73 and 76 to 112. 

35 In accordance with the method- oriented inventions, it 
is provided in each case tliat the region I which is 
complementary to the target gene exhibits not more than 
49 successive nucleotide pairs. 



t 
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. «-5tii the invention are an 
Provided in accordance with ">e in _ fc 
" oligonucleotide or a vector encoding theref or At 
least segments of the oligonucleotide exhibit a 
defined nucleotide se^ence. -Che defined segment tnay be 
5 limited to the compleinentary region J. However, it x. 
all possible that all of the do^le- stranded 
oligoribonucleotide exhibits a defined nucleotide 
sequence. 

10 surprisingly, in has merged that an effective 
inhibition of the expression of the target gene can be 
achieved even when the complementary region I is not 
more than 49 base pairs in length The procedure of 
providing such oligoribonucleotides is less 
15 complicated. 

In particular, dsBNA with a length of over 
50 nucleotide pairs induces certain cellular 
mechanisms, for example the dsWlA- dependent protein 

20 kinase or the 2-5A system, in mammalian and human 
cells. This leads to the disappearance of the 
interference effect mediated by the dsRNA which 
exhibits a defined sequence. As a conseguencs, protein 
biosynthesis in the cell is blocked. The present 

25 invention overcomes this disadvantage in particular. 

Furthermore, the uptake of dsKNA with short chain 
lengths into the cell or into the nucleus is 
facilitated markedly over longer-chain dsRKIAs. 

30 

It has proved advantageous for the dsBNA or the vector 
to be present packaged into micellar structures, 
preferably in liposomes. The dsBNA or the vector can 
likewise ba enclosed in viral natural capsids or in 
35 chemically or enzymatically produced artificial capsids 
or structures derived therefrom. - The abovementioned 
• features make it possible to introduce the dsBNA or the 
vector into given target cells. 
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-in* risKNA has 10 to 1 000, 
tt, a further aspect, the ciskna 

In a twuu ThuSi tue dsFNA can be 

--eferably 15 to 49, base pairs- Tnus, ^« 
preier * ,_ - ^-ui-h i s conrolementary to the 

longer than the region I, which is compj. 

target gene. The complementary region I can be located 
5 at the terminus or inserted into the dsP^. Such osSNA 
or a sector provided for coding the same can be 
produced synthetically or enzymatically by customary 
methods . 

10 The gene to be inhibited is expediently expressed in 
eukaryotie cells. The target gene can be selected from 
the following group: oncogene, cytoki* gene, Id protein 
gene, developmental gene, prion gene. It can also be 
expressed in pathogenic organisms, preferably in 

15 Plasmodia. It can be part of a virus or viroid which is 
preferably pathogenic to humans. - The method proposed 
makes it possible to produce cantos itions for the 
therapy of genetically determined diseases, for e^cample 
cancer, viral diseases or Alzheimer's disease . 

20 - - - 

The virus or viroid can also be a virus or viroid which 
is pathogenic to animals or plant-pathogenic. In this 
case, the method according to the invention also 
permits the provision of compositions for treating 
25 animal or plant diseases. 



In a further aspect, segments of the dsKNA are designed 
as double-stranded. A region II which is complementary 
within the double- stranded structure is formed by two 
30 separate RNA single strands or by autocomplementary 
regions of a topologically closed UNA single strand 
which is preferably " in circular form. 

The ends of the dsRNA can be modified to counteract 
3 5 degradation in the cell or dissociation into the single 
strands. Dissociation takes place in particular when 
low concentrations or short chain lengths are used. To 
inhibit dissociation in a particularly effective 
fashion, the cohesion of the complementary region II- 
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can be 
further 



increased by at least one, preferably two, 

invention whose dissociation is reduced exhibits 
5 greater stability to enzymatic and chemical degradation 
in the cell or in the organisms 

The complementary region II can be formed by 
autocomplementary regions of an m hairpin loop, m 
10 particular wHen using a vector according to the 
invention. To afford protection from degradation, it is 
expedient for the nucleotides to be chemically modified 
in the loop region between the double- stranded 
structure • 

15 

The chemical linkage is expediently formed by a 
covalent or ionic bond, a hydrogen bond, hydrophobic 
interactions, preferably van-der-Waals or stacking 
interactions , or by metal~ion coordination. In an 
20 especially advantageous aspect, it can be formed at at 
' least one, preferably both, end(s) of the complementary 
region II. 

It has furthermore proved to be advantageous for the 
25 chemical linkage to be formed by one or more linkage 
groups, the linkage groups preferably being 
poly (oxyphosphinicooxy-1 , 3 -propanediol) and/or poly- 
ethylene glycol chains. The chemical linkage can also 
be formed by purine analogs used in place of purines in 
3 0 the complementary regions II. It is also advantageous 
for the chemical linkage to be formed by azabenzene 
units introduced into tHe complementary regions II. 
Moreover, it can be formed by branched nucleotide 
analogs used in place of nucleotides in the 
35 coinplementary regions II. 

It has proved expedient to use at least one of the 
following groups for generating the chemical linkage: 
methylene blue; bifunctional groups, ' preferably 
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toisU-efcloroethy^anone; * * ftra lena The 

benzoyl) cystand^e,. 4-thiouracxl; 

chemical linage can further* be formed by 
tfciophosphory! groups provided at the ends of the 
5 double-stranded region. The oheardcal ImKage at the 
ends of the double-atranded region is preferably formed 
by triple-heli* bonds. 

THe chemoal linage can expediently be induced by 
10 ultraviolet light. 

The nucleotides of the dsFNA can be modified. This 
counteracts the activation, in the cell, of a double- 
stranded-KNA-dependent protein kinase, PKR. 

15 Advantageously, at least one 2' -hydroxy 1 group of the 
nucleotides of the dsRUA in the complementary region II 
is replaced by a chemical group, preferably a 2 '-amino 
or a 2 '-methyl group. At least one nucleotide in at 
least one strand of the complementary region II can 

20 -also be a locked nucleotide with a sugar ring which is 
chemically modified, preferably by a 2'-o, 4'-C 
methylene bridge. Advantageously, several nucleotides 
are locked nucleotides. 



25 A further especially advantageous embodiment provides 
that the dsFNA or the vector is bound to, associated 
with or surrounded by, at least one viral coat protein 
which originates from a virus, is derived therefrom or 
has been prepared synthetically. The coat protein can 
30 be derived from polyomavixus . The coat protein can 
contain the polyomavirus virus protein 1 (VP1) and/or 
virus protein 2 (VP2). The use of such coat proteins is 
known from. for example. DE 196 18 797 AL, whose 
disclosure is herewith incorporated. - The 
. 35 abovementioned features considerably facilitate the 
introduction of the dsBNA or of the vector into the 
cell. 



I 
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When a capsid or capsid-cype structure is formed from 
^ coat protein, one side preferably face, the 
interior of the capsid or capsid-type structure. The 
construct formed is particularly stable. 

The dsRNA can be complementary to the primary or 
processed ^ transcript o£ Che target gene. - The cell 
can be a vertebrate cell or a human cell. 



10 



15 



20 



At least two dsRNAs which differ from each other or at 
least one vector encoding them can be introduced into 
the cell, where at least segments of one strand o£ each 
dsRNA are complementary to in each case one of at least 
two different target genes. This makes it possible 
simultaneously to inhibit the expression of at least 
two different target genes. In order to suppress, in 
the cell, the expression of a double-stranded- SNA- 
dependent protein kinase. EKR, one of the target genes 
is advantageously the PKR gene. This allows effective 
suppression of the PKR activity in the cell- 



The invention furthermore provides a medicament with at 
least one oligoribonucleotide with double- stranded 
structure (dsRNA) for inhibiting the expression of a 

25 given target gene, where one strand of the dsSNA has a 
region I where at least segments are complementary to 
the target gene. - Surprisingly, it has emerged that 
such a dsRNA ia suitable as medicament for inhibiting 
the expression of a given gene in mammalian cells. In 

30 comparison with • the use of single-stranded 
oligoribonucleofcides. the inhibition is already caused 
at concentrations which are lower by at least one order 
of magnitude. The medicament according to the invention 
is highly effective. Lesser side effects can be 

35 expected. 



The invention furthermore provides a medicament with at 
least one vector for coding at least one 
oligoribonucleotide with double- stranded structure 
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( dti») ** inhibiting the expression of a given target 
g«r»he« one amB d of d. a» >- « 1 
where at least segments are cox^l^tary to the target 
*Z. - The medico proposed tfMH th. 
abovementioned advantages By using a vector, m 
particular production costs cm*"b* reduced. 

In m particularly advantageous embodiment. the 
cox^entary region- X has not more than 49 ^ S ^e 
nucleotide pairs. - Surprisingly, it has emerged that 
an effective inhibition of the expression of the target 
gene can he achieved even when the complementary region 
I is not more than 49 base pairs in length. The 
procedure of providing such oligoribonucleotides is 
15 less complicated. 

The invention furthermore provides a use of an 
oligoribonucleotide with double- stranded structure 
(dsKNA) for preparing a n\B<±Lcaxtient for inhibiting the 

20 _ expression of a given target gene, where one strand of 
the dsRNA has a region I where at least segments are 
complementary to the target gene, - Surprisingly, such 
a dsKNA is suitable for preparing a medicament for 
inhibiting the expression of a given gene. Conpared 

25 with the use of single-stranded oligoribonucleotides, 
the inhibition is already caused at concentrations 
which are lower by one order of magnitude when using 
dsKNA. The use according to the invention thus makes 
possible the preparation of particularly effective 

3 0 medi cement 5 . 

The invention furthermore provides the use of a vector 
for coding at least one oligoribonucleotide with 
doublets tranded structure (dsKNA) for preparing a 
35 medicament for .inhibiting the expression of a given 
target gene, where one strand of the dsRNA has a region 
1 where at least segments are complementary to this 
target gene. - The use of a vector makes possible a 
particularly effective gene therapy. 
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j advantageous embodiments of the 

With regard to advantage 

medicament and of the use, reference is made to the 
description of the above features. 

5 use exiles of the invention are illustrated in 
greater detail hereinbelow with reference to the 
figures, in which: 

10 Fig- 1 shows the schematic representation of a plasmid 
for the in vitro transcription with T7- and 
SP6-polymerase , 

Fig. 2 shows raiA following electrophoresis on an 8% 
15 polyacrylamide gel and staining with ethidium 

bromide. 

Fig, 3 shows a representation of radioactive RNA 
transcripts following electrophoresis on an 8% 
2o ... polyacrylamide gel with 7 M urea by means of an 
instant imager, and 

Figs. 4a - e show Texas Red and YFP fluorescence in 
murine fibroblasts • 

25 

oae example 1 » 

One inhibition of transcription was detected by means 
of sequence homologous dsKNA in an in vitro 
transcription system with a nuclear extract from human 
3 0 HeLa cells. The DNA template for this experiment was 
plasmid pCMV1200 which had been linearized by means of 
BamHX. 

Generation of the template -plasmids : 
35 The plasmid shown in fig. 1 was constructed for use in 
the enzymatic synthesis of the dsRKA- To this end, a 
polymerase ohain reaction (PCR) with the -positive 
control DNA" of the HelaScribe* Nuclear Extract in 
vitro transcription kit toy promega, Madison, USA, as 
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d na twUf « *l»t carried out. one of the priors 

^tai^ei tha stance o£ an «*X 
and o£ tba T7 ENA polymerase proper as shown in 
sequence listing No. 1. The other primer contained the 
scenes of a Ba*HI =l~va„. site ana of the s« FHA 
polymerase promoter as she™ in sequence listing No- 2. 
m addition, the two primers had, at the 3 ends, 
regions which were identical with or complementary to 
the DNA template. *he PCR was carried out by means of 
the *T*Q PCR Core Kite' by Qiagen, Hilden, Germany, 
following the manufacturer's instructions. 1.5 mM 
MgCl 2 , in each case 200 W dNTP, in each case 0,5 /iM 
primer, 2-5 U Ta<? DNA polymerase and approximately 
100 ng of -positive control DNA" were employed as 
15 template in PCR buffer in a volume of 100 nl. After 
initial denaturation of the template DNA by heating for 
S minutes at 94°C, atrtplif ication was carried out in 
30 cycles of denaturation for in each case 60 seconds 
at 94°C, annealing for 60 seconds * at 5 0 C below the 
20 calculated melting point of the primers and 
polymerization for 1,5-2 minutes at 72°C After a final 
polymerization of 5 minutes at 72 °C, 5 Ml of the 
reaction were analyzed by agarose-gel electrophoresis. 
The length of the DNA fragment amplified thus was 
25 400 base pairs, 340 base pairs corresponding to the 
"positive control DNA" - The PCR product was purified, 
hydro ly zed with Ecokt and BazriHI and, after 
repurification, employed in the ligation together with 
a pUCl8 vector which had also been nydrolyzed by £coR! 
30 and Bainax . K. coll XLl-blue was then transformed. The 
plasmid obtained (pCMV5) carries a DNA fragment whose 
5' end is flanked by the T7 promoter and whose 3' end 
is flanked by the SP6 promoter. By linearizing the 
plasmid with BamKI, it can be employed in vitro with 
35 the T7-RNA polymerase for the run-off transcription of 
a single- stranded KNA which is 340 nucleotides in 
length and shown in sequence listing No. 3. If the 
plasmid is linearized with EcoKl, it can be employed 
for the run-off transcription with SP6 FNA polymerase, 
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giving rise to the complementary strand, m accordance 
with the method outlined hereinabove, an BNA 23 
nucleotides in length was also synthesized. *° this 
end, a DNA shown in sequence listing No. 4 was ligated 
5 with the ptfCIS vector via the ScoRl and BamHl cleavage 
sites . 

Plasmid P CMV1200 was constructed as DNA template for 
the in-viero transcription with HeLa nuclear extract. 

10 To this end, a 1 191 bp EcoRI/BamHl fragment of the 
positive control DNA contained in the HeLaScribe* 
Nuclear Extract In vitro transcription kit was 
amplified by means of PCR. The amplified fragment 
encompasses the 828 bp * immediate early " CMV promoter 

15 and a 363 bp transcribable DNA fragment. The PCR 
product was ligated to the vector pGEM-T via 
^T-overhang" ligation. A BamHI cleavage site is located 
at the 5' end of the fragment. The plasmid was 
linearized by hydrolysis with BamHI and used as 

20 template in the run-off transcription. 

Xn-vitro transcription of the complementary single 
strands: 

pCMV5 plasmid DNA was linearized with -BcoRI or BamHI. 

25 It was used as DNA template for an in-vifcjro 
transcription of che complementary BNA single strands 
with SP6 and T7 RNA polymerase, respectively. The 
"Riboprobe in vitro Transcription" system by Promega, 
Madison, USA, was employed for this purpose- Following 

3 0 the manufacturer's instructions, 2 ng of linearized 
plasmid DNA were incubated in 100 /*1 of transcription 
buffer and 40 U T7 or SP6 RNA polymerase for 5-6 hours 
at 37 °C. The DNA template was subsequently degraded by 
addition of 2.5 /il of RNase-free DNase RQ1 and 

35 incubation for 30 minutes at 37 Q C. The transcription 
reaction was made up to 300 /xl with H2O and purified by 
phenol extraction. The RNA was precipitated by addition 
of 150 fil of 7 M ammonium acatate [sic] and 1 125 Ml of 



> 
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ethanol and stored at until used ■ for the 

hybridization- 

G^eratigj of the SNA double strands * 

Vox: the hybridization, 500 ^1 the single- stranded 

m which had been stored irr ethanol and precipitated 
were spun down. The resulting pellet was dried and 
taken up la 30 Ml of PIPES buffer, 3>H 6-4 in the 
presence of 30% fonoamide, 400 mM ItfaCl and 1 xnM EDTA. 
in each case 15 iil of the complementary single strands 
were combined and heated for 10 itdnutes at 85°C_ The 
reactions were subsequently incubated overnight at 50*C 
and coaled to room temperature. 

Only approximately eq^imolar amounts of the two single 
strands were employed in the hybridization- This is why 
the dsJtfiA preparations contained single- stranded ENA 
(ssRNA) as contaminant. In order to remove these ssRNA 
contaminants, the reactions were treated, after 
20 hybridization, with the single-strand- specif ic 
ribonucleases bovine pancreatic RNase A and Aspergillus 
oryzae RNase Tl- RNase h is an endoribonuclease which 
is specific for pyrimidines. RNase Tl is an 
endoribonuclease which preferentially cleaves at the 3' 
25 side of guanosines. ds2!NA is no substrate for these 

the reactions 
and 5 irtM EDTA 



15 



30 



35 



10 Ml of 



ribonucleases. For the RNase treatment, 
in 300 ul of Tris, pH ' .4, 300 nM NaCl 
were treated with 1.2 ul of RNaseA at a concentration 
of 10 mg/ml and 2 til of 
290 /ig/ml. The reaction^ 
at 30°C. Thereupon, 
addition of 5 /il of proteinase K at a concentration of 



RNaseTl at a concentration of 
were incubated for 1,5 hours 
tjhe RNases were denatured by 



20% SDS and incubation for 



2 0 mg/ml and 

30 minutes at 37°C. Thi dsRNA was purified by phenol 
extraction and precipitated with ethanol. To verify the 
completeness of the RNase digestion, two control 
reactions vera treated with ssKNA analogously to the 
hybridization reactions 
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Tbe dried pelLt »as t«en up i* 1* * of 
P H 6.5, and sheeted to native poly aery land de gel 
electrophoresis on an 8% gal. The acrylamxde gel -as 
subsequently stained in an ethidium brora.de solution 
ana washed in a water bath. Fig. 2 shows the EKA which 
had been visualized in a UV transilluminator , The san,e 
KNA which had been applied to lane 1 and the anCisense 
PUA which had been applied to lane 2 showed a different 
migration behavior under the chosen conditions than the 
dsKMA of the hybridization reaction which had been 
applied to lane 3. The KNase-treated sense SNA and 
anfcison.se SNA which had been applied to lanes 4 and 5, 
respectively, produced no visible band. This shows that 
the single-stranded FNAs had been degraded complet ely. 
15 The RNase-treated dsRNA of the hybridization reaction 
which had been applied to lane 6 is resistant to ENase 
treatment. The band which migrates faster in the native 
gel in conparison with the dsBNA applied to lane 3 
results from dsRNA which is free from ssRNA- In 
addition to the dominant main band, weaker bands which 
migrate faster are observed after the RNase treatment. 



10 



20 



Xn-yjtro transcription test with human nuclear extract i 
Using the HeLaScribe® Nuclear Extract in vitro 

25 transcription kit by Promega, Madison, USA, the 
transcription efficiency of the abovementioned DNA 
fragment which is present in plasmid PCMV1200 and 
homologous to the ^positive control DNA" was determined 
in the presence of the dsRNA (dsRNA-CMVS) with sequence 

3 0 homology. Also, the effect of the dsRNA without 
sequence homology, which corresponds to the yellow 
fluorescent protein (YFi?) gene (dsBNA-YRP) , was 
studied. This dsRNA had been generated analogously to 
the dsRNA with sequence homology. The sequence of a 

35 strand of this dsKNA can be found in sequence listing 
No. 5, Plasmid pCMV1200 was used as template for the 
run-off transcription. It carries the "immediate early" 
cytomegalovirus promoter which is recognized by the 
eukaryotic KNA polymerase II , and a transcribable DNA 



fragment. Transcription was carried out by means of the 
HeLa nuclear retract , which contains all the proteins 
which, are necessary for transcription. By addition of 
C-- 32 P]rGTP to the transcription reaction, radiolabeled 

5 transcript was obtained. The [ . - 32 P)rCTP used had a 
specific activity of 400 r "-Ci/mmol, 10 mCi/ml. 3 triK 
MgCl 2 , in each case 400 /xM rATP, xCTP. rUTP, 16 ixU 
rGTP/ 0.4 iM [*- 32 F]rGTP and depending on the experiment 
1 fmol of linearized plasmid DNA and various amounts of 

10 dsHNA in transcription, buffer were employed per 
reaction. Each batch was made up to a volume of S . 5 jil 
with H 3 0. The reactions were mixed carefully. To start 
the transcription, 4 U HeLa nuclear extract in a volume 
of 4 /zl were added and incubated for 60 minutes at 

15 3 0°C. The reaction was stopped by addition of B7.5 ill 
of quench mix which had been warmed to 30°C. To remove 
the proteins, the reactions were treated with 100 jil of 
phenol /chlorof orm/isoamyl alcohol (25:24:1 v/v/v) 
saturated with TE buffer, pH 5.0, and Che reactions 

2 0 .were mixed vigorously for 1 minute. For phase 
separation, the reactions were spun for approximately 
1 minute at 3.2 000 rpm and the top phase was 
transferred into a fresh reaction vessel- Each reaction 
was treated with 250 p± of ethanol. The reactions were 

25 mixed thoroughly and incubated for at least 15 minutes 
on dry ice/methanol. To precipitate the EHa, the 
reactions were spun for 20 minutes at 12 000 rpm and 
40 °C. The supernatant was discarded. The pellet was 
dried in vacuo for 15 minubes and resuspended in 10 jil 

30 of H 2 0. Each reaction was treated with 10 Ml of 
denaturing loading buffer. The free GTP was separated 
from the transcript formed by means of denaturing 
polyacrylamide gel electrophoresis on an 8% gel with 
7 M urea. The IttJA transcripts formed upon transcription 

35 with HeLa nuclear extract, in denaturing loading 
buffer, were heated for 10 minutes at 90°C and 10 ^1 
aliquots were applied immediately to the freshly washed 
pookets. The electrophoresis was run at 40 mA. The 
amount of the radioactive ssRUA. formed upon 
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transcription was analyzed after electrophoresis with 
the aid of an Instant imager. 

Fig. 3 shows the radioactive BNA from a representative 
5 test, shown by means of the Xnstant Imager. Sanrples 
obtained from the following transcription reactions 
v$re applied! 

Lane 1: without template DNA, without dsKNA; 
10 Lane 1: 50 ng of template DNa, without dsRNA; 

Lane 3: 50 ng of template DNA, 0.5 tig of dsKNA YFP; 

Lane 4: 50 ng of template D*IA, 1.5 ixg of dsKNA YFP; 

Lane 5: 50 ng of template DNA, 3 ng of dsHNA YPP; 

Lane 6= 50 ng of template DNA r 5 ng of dsRNA YFP? 
15 Lane 7: without template DNA, 1.5 dsRNA YFP; 

Lane 8: 50 ng of template DNA, without dsRNA; 

Lane 9: 50 ng of template DNA r 0.5 fig of dsRNA CM\T5; 

Lane 10: 5 0 ng of template DNA, 1.5 fig of dsFNA CMV5; 

Lane 11: 50 ng of template DNA, 3 fig of dsKNA CMV5; 
20 Lane 12: 50 ng of template DNA, 5 f*g of dsRNA CMV5 ; 

It emerged that the amount of transcript was reduced 
markedly in the presence of dsRNA with sequence 
homology in comparison with the control reaction 

25 without dsRNA and with the reactions with dsKNA YPP 
without sequence homology. The positive control in lane 
2 shows that radioactive transcript was formed upon the 
In-vitro transcription with HeLa nuclear extract. The 
reaction is used for comparison with the transcription 

30 reactions which had been incubated in the presence of 
dsRNA* Lanes 3 to 6 show that the addition of non- 
sequential ly-specific dsFNk YFP had no effect on the 
amount of transcript formed. Lanes 9 to 12 show that 
the addition of an amount of between 1.5 and 3 ug of 

3 5 secjuentially- specif ic dsRNA CMV5 leads to a reduction 
in the amount of transcript formed. In order to exclude 
that the effects observed are based not on the dsRNA 
but on any contamination which might have been carried 
along accidentally during the preparation of the dsRNA, 



17/01 '03 15:39 FAX 613 96 63 309 9 F.B. R IC E & Co. ^l 0 PJw /0 20 

17701 "THraTO 3~FAX +61 2 (12*11X9* IP AUSTRALIA SALES @J020/cnjy 



- 16 - 

a further control was carried out- Single-stranded EtfA 
wa5 transcribed as described above and subsequently 
subjected to the FNase treatment. It was demonstrated 
* y means of native polyacrylamide gel electrophoresis 
5 that the ssSNA had been degraded completely. This 
reaction was subjected to phenol extraction and ethanol 
precipitation and subsequently taken up in PE buffer, 
as were the hybridization reactions. This gave a sample 
which contained no RNA but had been treated with the 
10 same enzymes and buffers as the dsFNA. Lane 8 shows 
that the addition of this sairrpla had no effect on 
transcription. The reduction of the transcript upon 
addition of sequence-specific dsKNA can therefore be 
ascribed unequivocally to the dsRNA itself. The 
15 reduction of the amount of transcript of a gene in the 
presence o£ dsRNA in a human transcription system 
indicates an inhibition of the expression of the gene 
in question. This effect can be attributed to a novel 
mechanism caused by the dsKNA. 

20 

use example 2 z 

The test system used for these in -vivo experiments was 
the murine fibroblast cell line NXH3T3, ATCC CRL-1658. 
The YFP gene was introduced into the nuclei with the 

25 aid of microinjection. Expression of YFP was studied 
under the effect of simultaneously cotransf ected dsBNA 
with sequence homology. This dsRNA YFP shows homology 
with the 5 '-region of the YFP gene over a length of 
315 bp. The nucleotide sequence of a strand of tne 

30 dsRNA YKP is shown in sequence listing No. 5. 
Evaluation under the fluorescence microscope was 
carried out 3 hours after injection with reference to 
the greenish-yellow fluorescence of the YFP formed. 

35 Construction of the template plasmid, and preparation 
Of the dsRNA : • 

A plasmid was constructed following the same principle 
as described in use example 1 to act as template for 
the production of the YFP dsBNA by means of T7 and SP6 
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in -vitro transcription using tfa. P^mer Sco_*7_YF* «» 
shown in sequence lining «o. 6 and UUH J" 
shown in sequence listing No. 7. the ^red ^ 
fragment was amplified by PC* and used analogously to 
the above description for preparing the dsRNA. The 
dsKHA YFP obtained is identical to the dsBNA used xn 
use example 1 as non-sequence-specific control. 

A dsRNA linked chendcally at the 3' end of the SUA as 
shown in sequence listing No. 8 to tne 5' end of the 
complementary KNA via a C18 linker group was prepared 
(L»-dsKNA) . To this end. synthons modified by disulfide 
bridges were used. The 3 '-terminal synthon is bound to 
the solid support via the 3' carbon with an aliphatic 
15 linker group via a disulfide bridge. In the 5 '-terminal 
synthon of the complementary oligoribonucleotide which 
is complementary to the 3 '-terminal synthon of the one 
oligoribonucleotide,. the 5 ' -trityl protecting group is 
bound via a further aliphatic linker and a disulfide 
20 bridge. Following evnthssis of the two single strands, 
removal ,of the protecting groups and hybridization of 
the complementary oligoribonucleotides , the thiol 
groups which form are brought into spatial vicinity. 
The single strands are linked to each other by 
25 oxidation via their aliphatic linkers and a disulfide- 
bridge. This is followed by purification with the aid 
of HPLC. 

Preparation of the cell cultures : 

30 The cells were incubated in DMEM supplemented with 
4.5 g/1 glucose, 10% fetal bovine serum in culture 
dishes at 37 °c under a 7.5% C0 2 atmosphere and passaged 
before reaching confluence. The cells were detached 
with trypsin/EDTA. To prepare for microinjection, the 

35 cells were transferred into Petri dishes and incubated 
further until microcolonies formed. 
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Microinjection : 

For the microinjection, the culture dishes were removed 
from the incubator for approximately 10 minutes. 
Approximately 50 nuclei were injected singly per 
5 reaction within a marked area using the AIS 
microinjection system from Carl Zeiss, Gettingen, 
Germany. The cells were subsequently incubated for 
three .more hours. For the microinjection, borosilicate 
glass capillaries from Hilgenberg GmbH, Malsfeld, 
10 Germany, with a diameter of less than 0.5 Mm at the tip 
were prepared. The microinjection was carried out using 
a micromanipulator from Narisnige Scientific Instrument 
Lab., Tokyo, Japan. The injection time was 0.8 seconds 
and the pressure was approximately 100 hPa. The 
IS transfection was carried out using the plasmid pCDNA 
YFP, which contains an approximately 800 bp BamHX/EcaRT 
fragment with the YFP gene in vector pcDNA3 . The 
samples injected into the nuclei contained 0.01 m^/m1 
of pCDNA-YFP and Texas Red coupled to dextran-70000 in 
20 14 mM NaCl, 3 mM KCl, 10 mM KPO* [sic] , ph 7.5. 
' Approximately 100 pi of RNA with a concentration of 
1 or, in the case of the L-dsRNA, 375 jjM were 

additionally added. 



25 The cells were studied under a fluorescence microscope 
with excitation with the light of the excitation 
wavelength of Texas Red, 568 nm, or of YFP, 48S nm. 
Individual cells were documented by means of a digital 
earners. Figures 4a-e show the result for NIH3T3 cells. 

30 in the cells shown in Fig. 4a, sense- YFP-ssHNA has been 
injected, in Fig. 4b an ti sense- YFP- ssRNA, in Fig. 4c 
dsKWA-YFP, in Pig. 4d no RNA and in Fig. 4e L-dsRNA. 

The field on the left shows in each case the 
35 fluorescence of cells with excitation at 568 nnu The 
fluorescence of the same cells at an excitation of 
488 nm is seen on the right. The Texas Red fluorescence 
of all the cells shown demonstrates that the injection 
solution had been applied successfully into the nuclei 
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and that cells with successful hit- ««e still .live 
after three h.urs. Pea* cells no longer showed Texas 
Red fluorescence. 

5 The right fields of each of figures 4a and 4b show that 
YFP expression was net visibly inhibited when the 
single-stranded UNA was injected into the nuclei. The 
right field of Fig- 4c shows cells whose YFP 
fluorescence was no longer detectable after the 

10 injection of dsSNA-YFP. Fig. 4d shows cells into which 
no RNA had been injected, as control. The cell shown in 
fig. 4e shows YFP fluorescence which can no longer be 
detected owing to the injection of the L-dsHUA which 
shows regions with sequence homology to the YFP gene. 

15 This result demonstrates that even shorter dsENAs can 
be used for specifically inhibiting gene expression in 
mammals when the double strands are stabilized by 
chemically linking the single strands. 
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Method for inhibiting the expression of a given 
target gene In a cell where an oligoribonucleotxde 
with double-stranded structure (dsRNA) is 
introduced into the cell-, where one strand of the 
dsRNA has a region I where at least: segments are 
complementary to the target gene, 
characterised in that 

the region I which is complementary to the target 
gene has not irtore than 49 successive nucleotide 
pairs . 

2. Method for inhibiting the expression of a given 
15 target gene in a call, where a vector for coding 

for at least one oligoribonucleotide with donble- 
etranded structure (dsKNA) is introduced into the 
cell, whore one strand of the dsKNA has a region I 
where at least segments are complementary to the 
20 target gene, 

characterized in that 

uhe region I which is complementary to the target 
gene has not more than 49 successive nucleotide 
pairs . 

25 

3. Method according to claim 1 or 2, where the dsRNA 
or the vector are enclosed by micellar structures, 
preferably by liposomes. 

30 4. Method according to one of the preceding claims, 
where the dsBNA or the vector 'is enclosed by 
natural viral capsids or by chemically or 
enzymafcically produced artificial capsids or 
structures derived therefrom. 



35 



Method according to one of the preceding claims, 
where the dsKMA has 10 to 1 000, preferably IS to 
49, base pairs. 
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6, Method according to one of the preceding claims, 
where the target gene is expressed in eukaryotic 
cells . 

5 7. Method according to one of the preceding claims, 
where the target gene is selected from the 
following group: oncogene, cytokin gene, Id- 
protein gene, development gene, prion gene. 

10 8- Method according to one of the preceding claims, 
where the target gene is expressed in pathogenic 
organisms, preferably in Plasmodia. 

9. Method according to one of the preceding claims, 
15 where the target gene is part of a virus or 

viroid. 

10. Method according to claim 9, where the virus is a 
virus or viroid which is pathogenic for humans. 

20 

11. Method according to claim 9, where the virus or 
viroid is a virus or viroid which is pathogenic 
for animals or phy topathogenic . 

25 12. Method according to one of the preceding claims, 
where segments of the dsRNA are in double- stranded 
form. 

13. Method according to one of the preceding claims, 
30 where a region II which is complementary within 

the double-stranded structure is formed by two 
separate KMA single strands or by 
autocomplementaxY regions of a topologically 
closed RNA single strand which is preferably in 
35 circular form. 

14. Method according to one of the preceding claims, 
where the complementary region II is formed by 
autocall emenbary regions of an BNA hairpin loop. 
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15. Method according to one of the preceding claims, 
where the nucleotides are chemically modified in 
the loop region between the double- stranded 
structure to afford protection from degradation. 

16. Method according to one of the preceding claims, 
where the ends of the dsRNA are modified in order 
to counteract degradation in the cell or 
dissociation into the single strands. 



35- 



17 _ Method according to one of the preceding claims, 
where the cohesion of the complementary region II, 
which is caused by the nucleotide pairs, is 
15 increased by at least one, preferably two, further 

chemical linkage (s) - 

18. Method according to one of the preceding claims , 
where the chemical linkage is formed by a covalent 

20 or ionic bond, a hydrogen bond, hydrophobic 

interactions, preferably van-der-Waals or stacking 
interactions , or by metal-ion coordination. 

19. Method according to one of the preceding claims, 
25 where the chemical linkage is generated at at 

least one, preferably both, ends of the 
complementary region II- 

20. Method according to one of the preceding claims, 
3 0 where the chemical linkage is formed by means of 

one or more compound groups, the compound groups 
preferably being poly (oxyphosphinicooxy- 

1,3-propanediol) and/or polyethylene glycol 
chains . 



21. Method according to one of the preceding claims, 
where the chemical linkage is f owned by purine 
analogs used in the complementary regions II in 
the place of purines- 
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22. Method according to one of the preceding claims, 
where the chemical linkage is formed by azabenzene 
units introduced into the complementary regions 
II. 

23. Method according to one of the preceding claims, 
where the chemical linkage is formed by branched 
nucleotide analogs used in the complementary 
regions II in the place of nucleotides. 



24. Method according to one of the preceding claims, 
where at least one of the following groups is used 
fox- generating the chemical linkage: methylene 

15 blue; Afunctional groups r preferably 

bis (2-chloroethyl) amine; N-acetyl-N'- (p-glyoxyl- 
benzoyl) qystamine; 4-thiouracil; psoralene. 

25. Method according to one of the preceding claims , 
20 where the chemical' linkage is formed by 

thiophosphoryl groups provided at the ends of the 
double- stranded region. 

26. Method according to on© of the preceding claims, 
25 where the chemical linkage at the ends of the 

double-stranded region is formed by triple-helix 
bonds . 

27. Method according to one of the preceding claims, 
30 where at least one 2 ' -hydroxy 1 group of the 

nucleotides of the dsRajx in the complementary 
region II is replaced by a chemical group, 
preferably a 2 '-amino or a 2 '-methyl group. 

35 28, Method according to one of the preceding claims, 
where at least one nucleotide in at least one 
strand of the complementary region II is a locked 
nucleotide with a sugar ring which is chemically 
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modified, preferably by a 2'-0, 4 ' -C-methylene 
bridge . 

23. Method according to one of the preceding claims, 
where the dsRNA or the vector is hound to. 
associated with or surrounded layr at least one 
viral coat protein which originates from a virus, 
is derived therefrom or has been prepared 
synthet i cal ly . 

30- Method according to one of the preceding cla:Lms, 
where the coat protein is derived from 
po ly omavi rus . 

15 31- Method according to one of the preceding claims, 
where the coat protein contains the polyomavirus 
virus protein 1 (VP1) and/ or virus protein 2 
(VP2) . 

20 _ 32, Method according to one of the preceding claims, 
where, when a capsid or capsid-type structure is 
formed from the coat protein, one side faces the 
interior of the capsid or capsid-type structure. 



5 



10 



25 33- Method according to one of the preceding claims, 
where the dsRNA is complementary to the primary or 
processed KtfA transcript of the target gene. 

( 34. Method according to one of the preceding claims, 
3 0 where Che cell is a vertebrate cell or a human 

cell. 



35. Method according to one of the preceding claims, 
where at least two dsRNAs which differ from each 
35 other or at least one vector encoding them are 

introduced into the cell, where at least segments 
of one strand of each dsRNA are complementary to 
in each case one of at least two different target 
genes. 
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36. M^od according to one o£ the preceding claims, 
where one of the target genes is the PKR gene. 

5 37 Medicament with at least one oligonucleotide 
with double- stranded- structure (dsFNA) for 
inhibiting the expression of a given target gen*, 
where one strand of the ds*SA has a region I where 
a t. least segments are complementary to the target 

10 gene. 

38. Medicament with at least one vector for encoding 
at least one oligoribonucleotide with double- 
stranded structure (dsFNA) for inhibiting the 

15 expression of a given target gene, where one 

strand of the dsRNA has a region I where at least 
segments axe complementary to the target gene, 

39. Medicament according to claim 37 or 38, where the 
20 dsRNA on the vector is enclosed by xnicellar 

structures, preferably by liposomes. 



40. Medicament according to claim 37 or 38, where the 
dsRNA or the vector is enclosed by natural viral 

25 capsids or by chemically or enzymatically produced 

artificial capsids or structures derived 
therefrom. 

41. Medicament according to one of claims 37 to 40 , 
30 where dsRNA has 10 to 1 000, preferably 15 to 49, 

base pairs, 

42- Medicament according to one of claims 37 to 41. 
where the target gene can be expressed in 
35 eukaryotic cells. 

43. Medicament according to one of claims 37 to 42, 
where the target gene is selected from the 
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following group: or.cog.na, cytokin gene, Id- 
protein gene, development gene, prion gene. 

Medicament according to o.a of claims 37 to 43, 
where tne target gene can be expressed an 
pathogenic organisms; preferably in Plasmodia. 

Medicament according to one of claims 37 to 44, 
where the target gene is P*rt °f * virus or 
10 viroid - 



45 



15 



46. Medicament: according bo claim 45, where the virus 
is a vims ox viroid which is pathogenic for 
humans- 

47. Medicament according to claim 45, where the virus 
or viroid is a virus or viroid which is pathogenic 
for animals or plant-pathogenic . 

20 48. Medicament according to one of claims 37 to 47, 
where segments of the dsKtfA are in double- stranded 
form. 

49. Medicament according to one of claims 37 to 48, 
25 vhere the complementary region I has not more than 

49 successive nucleotides. 

50. Medicament according to one of claims 37 to 49 , 
where a region II which is complementary within 

30 the double-stranded structure is formed by two 

separate SNA single strands or by 
autocomplementary regions of a topologically 
closed RNA single strand which is preferably in 
circular form. 



35 



51. Medicament according to one of claims 37 to 50, 
where the complementary region II is formed hy 
autocomplementary regions of an SNA hairpin loop. 
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52 Medicament according to one of claims 37 to 51. 
where the nucleotides are chemically modified *n 
the loop region between the double- stranded 
5 structure to afford protection from degradation- 

53. Medicament according to one of claims 37 to 52, 
where the ends of the dsKNA are modified :Ln order 
to counteract degradation in the cell or 

10 dissociation into the single strands. 

54. Medicament according to one of claims 37 to 53, 
where the cohesion of the complementary region II, 
which is caused by the complementary nucleotide 

15 pairs, is increased by at least one, preferably 

two, further chemical linkage (s). 

55. Medicament according to one of claims 37 to 54, 
where the eiiemical linkage is formed by a covalent 

20 ... or ionic bond r a hydrogen bond, hydrophobic 
interactions, preferably van-der-"Waals or stacking 
interactions, or by metal-ion coordination. 



56. Medicament according to one of claims 37 to 55, 
25 where the chemical linkage is generated at at 

least one, preferably both/ ends of the 
complementary region II . 

57. Medicament according to one of claims 37 to 56, 
30 where the chemical linkage is formed by means of 

one or more compound groups, the compound groups 
preferably being poly (oxyphosphinicooxy- 

1,3 -propanediol) and/or polyethylene glycol 
chains . 

35 

58. Medicament according to one of claims 37 to 57, 
where the chemical linkage is formed by purine 
analogs used in the complementary regions II in 
the place of purines. 
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59 



till ^^^to^Io^LeTary regions XI. 

5 60 Medicament according-to one of ■ claims 37 to 5S>, 
*°' IZ. the chemical U^e ia formed by branch^ 
^oieotide analogs used in the complementary 
regions II in the place of nucleotides. 

10 61 Medicament according to one of claims 37 to 60. 

where at least one of the following groups is used 
for generating the chemical linkage: methylene 
blue; Afunctional groups. preferably bis (2- 

15 chloroethyl) amine; N-acetyl-u' - (p-glyoxylbenzoyD - 

cystamine; 4-thiouracil; psoralene. 

62. Medicament according to one of claims 37 to 61, 
where the chemical linkage is formed by 

20 " " ' thiophosphoryl groups provided at the ends of the 
double-stranded region. 

63. Medicament according to one of claims 37 to 62, 
where the chemical linkage are [sic] triple-helix 

2S bonds provided at the ends of the double-stranded 

structure . 

64. Medicament according to one of claims 37 to 63, 
where at least one 2 ' -hydroxyl group of the 

30 nucleotides of the dsKNA in the complementary 

region II is replaced by a chemical group, 
preferably a 2 '-amino or a 2 '-methyl group. 

65. Medicament according to one of claims 37 to 64, 
35 where at least one nucleotide in at least one 

strand of the complementary region II is a locked 
nucleotide with a sugar ring which is chemically 
modified, preferably by a 2'-0, 4 • -C-methylene 
bridge. 
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69. 



~* claims 37 to 65, 
66. Medicament according to one of !« 

where the dsKNA or the vector xb * un 
wnere toe — =»» lease one 

syixthetically. 

67 Medicament according to one of claims 37 to 66, 
° ' • rA . . _ rio-rived from tlie 

10 where the coat protein is derived 

polyomavirus - 

68 Medical according to one of claims 37 to 87, 
where the coat protein contains the polyomavxrus 

15 ' vims protein 1 tVPl) and/or virus protean 2 

(VP2) - 

Medicament according to one of claims 37 to 68, 
where, when a capsid or capsid-type structure is 
formed from the coat protein, one side faces the 
interior of the capsid or capsid-type structure. 

Medicament according to one of claims 37 to 69, 
where the dsRNA is complementary to the primary or 
25 processed una. transcript of the target gene. 

71. Medicament according to one of claims 37 to 70, 
where the cell is a vertebrate cell or a human 
cell . 

72. Medicament according to one of claims 37 to 71, 
where at least two dsFNAs which differ from each 
other or a vector encoding them are contained in 
the medicament, where at least segments of one 
strand of each dsBNA are complementary to in each 
case one of at least two different target genes. 

73. Medicament according to claim 72, where one of the 
target genes is the PKR gene. 



20 



70. 



30 



35 
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10 



•i -,M-n.«le With double- stranded 
,4. Use of an ol ^- ib ^ UCle ^;j; a ^ic^t for 
structure Ids**) for .^"f ^et gene, 
Siting the f^™^^ a x.»i~ X where 
wheE e one to the target 

at least segments -are cowpj-^ 

gene* 

« Us* of a vector for encoding a. least one 
olIgorLonudeotide with double-, trandad structure 
(dtU for preparing a medicament for 
the egression of a given target gene, where one 
strand of the dsSH* has a region I where at least 
segments are complementary to the target gene. 

, 6 w according to claim 74 or 75, where the dsKNA 
or the vector is enclosed by micellar structures, 
preferably by liposomes. 

20 -77" Use according to claim 74 or 75, "here the dsRNA 
or the vector is enclosed -by natural viral capsids 
or by chemically or enzymatically produced 
artificial capsids or structures derived 
therefrom. 



15 



25 



78. Use according to one of claims 74 to 77, where 
dsKNA has 10 to 1 000, preferably 15 to 49, base 



pairs . 

30 79- Use according to one of claims 74 to 78, where the 
carget gene can be expressed in eukaryotic cells . 

80. Use according to one of claims 74 to 79, where the 
target gene is selected from the following group: 
35 oncogene. cytokin gene. Id-protein gene, 

development gene, prion gene. 



.103 .4514?. FAX_? W 
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82. 



83- 



10 

84. 
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claims 74 to 80, where the 

ai - r;r r ;r - r~ z~~ - — — 

orsanisM. preferably in plasma. 

Use according to ene =£ elai™ 74 rc 81. «*« 

. „ of a virus or viroid. 

target gene is part or a vitu» 

- = - fl o where the virus is a 
Use according to claim 82, wnere *-xi 

virus or viroid which is pathogenic for humans. 

Use according to claim 82. where the virus or 
viroid is a virus or viroid which is pathogeny 
for animals or plant-pathogenic. 

15 85. Use according to one of claims 74 to 84, where 
segments of the dsBNA are in double-stranded form. 

xj se according to one of claims 74 to 85, where a 
region II which is complementary within the 
-double-stranded structure is formed by two 
separate BNA. single strands or by 
autocomplementary regions of a topologically 
closed Bil2v single strand which is preferably in 
circular form* 

Use according to one of claims 74 to 36, where the 
complementary region II is formed by 
autocomplementary regions of an UNA hairpin loop. 

30 88- Use according to one of claims 74 to 87, where the 
nucleotides are chemically modified in the loop 
• region between the double-stranded structure to 
afford protection from degradation. 

89. Use according to one of claims 74 to 88, where the 
ends of the dsRNA are modified in order to 
counteract degradation in the cell or dissociation 
into the single strands. 



86. 

20 



25 



87. 



35 
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90. 



91- 



10 

92. 

15 

93. 

20 - 



* -74 to 89. where the 

Use according to one of claxms 74 ^ 
cotton of the c^tary ' is 

caused by tb. complementary ^leo* 
increased by at least one, preferably c 
chemical linkage (s). 

U S e according to cl of claims 74 to 90, wh*x« J*, 
chemical is formed by a ^-^f^ 

bond, a hydrogen bona 

preferably van-der-Waals or stacking inter 
or by metal-ion coordination. 

Use according to one of claims 74 to 91, where the 
chemical linkage is generated at at least one, 
preferably both, ends of the complementary region 



Use according to one of claims 74 to 92, where the 
chemical linkage is formed by means of one or more 
compound groups, the compound groups preferably 
being Poly (oxyphosphinicooxy-1, 3-propanediol) 

and/or polyethylene glycol chains - 

94 use according to one o£ claims 74 to 93, where the 
25 chemical linkage is formed by purine analogs used 

in the complementary regions II in the place of 
purines . 

95. Use according to one of claims 74 to 94, where the 
30 chemical linkage is formed by azabenzene units 

introduced into the complementary regions XX. 

Use according to one of claims 74 to 95, where the 
chemical linkage is formed by branched nucleotide 
35 analogs used in the complementary regions tl m 

the place of nucleotides. 

Use according to one of claims 74 to 96, where at 
least one of the following groups is used for 



96 



97 
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■ n liaKrt"! methylene W.u«> 
^ 9r&tiMthe ^ hisl2-=hloro- 
bif unctional cetyl _ N ^- (p-gly«cylbenzoyl1 - 

famine, A-niouracil; psoralene. 

5 • nf tiaiaui 14 to 97, where the 

98 . use according to one of c t^ophosphoryl 
enseal Un^ge « ^ do uhle- stranded 

groups attached to the ends of th 

region- 

10 ~e claims 74 to 98, where the 

99 . Use according to one of ^ double . 

chemical linage at the , ' bonds . 

stranded region is formed by triple n 

1S 100 . use according to one cj ^ Tf 
least one 2'-hyaroxvl group of the 11 
^ asKNA in the complementary reg.cn II i. 
Placed by a chemical ^oup, preferably a 
2 '-amino or a 2 '-methyl group. 

20 \oi. Use according to one of claims 74 to 100, whereat 
least one nucleotide in at least one strand of the 
complementary region XX is a locked 
with a sugar ring which is chemically modxfxed, 
preferably by a 2<~0. 4 ' -C-methylene bridge- 

102. Use according to one of claims 74 to 101. where 
the dsEHA or the vector is bound to. associated 
with or surrounded by. at least one viral coat 
protein which originates from a virus, is derived, 
therefrom or has been prepared synthetically. 

103 Use according to on. of claims 74 to 102, where 
' the coat protein is derived from polyomaviru* . 

104. Use according to one of claims 74 to 103. where 
the coat protein contains the polyomav.rus virus 
protein 1 (VPU and/or virus protein 2 (VP2) . 



25 



30 



35 
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_ nTie of claims 74 "> 1Q4 ' vtoa!:e ' 

105. Use 

according to — struC ture i. formed 

wa en a capsid or capsi* w ^ interior 

£rom ^ coat — -: d !^ e S struCt ure. 
of the capsid or capsid-typa 

A . to one o£ claims 74 to 105. where 
106. Use according to one fco t he primary or 

ds^ i- ^7^. target gene, 
processed BN* transcript 

to 0 - e of claims 74 to 106, where 
0 107. use according to one 

the cell is a vertebrate cell 

rt f claims 74 to 107, where at 
108. use according to one of claims ^ ^ 

least two dsBNAs wlu.cH differ it 

, — vector encoding them are used, where 

l5 a t least one vector en ^ 

at least segments of one stran 

complementary to in each case one of at least two 
different target genes- 

, . w claim 108, where one of the 

20 -109-- Use according to claim 

target genes is the Plot gene. 

110. use according to one of claims 74 to 109. where 
the medicament is injectable into the bloodstream 

25 or into the interstitium of the organism to 

undergo tlierapy. 

111. Use according to one of claims 74 to 110, where 
the dsRNA or the vector encoding it are taken up 

30 into bacteria or microorganisms. 

112. Use according to on, of claims 74 to 111, where 
the complementary region I has not more than 49 
successive nucleotide pairs. 
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Sequence Listing 

<110> Kreutzer Dr., Roland 
Limmex Dr- , Stephan 

^ cor inhibiting the 
egression of a given gene 

*130> 400968 



<140> 
<141> 

<150> 

<150> 
<151> 



199 03 713.2 
1999-01-30 

199 56 568-6 
1999-11-24 



<160=. 
<170> 



8 



Patent In Ver . 2 > 1 



<210> 1 

<211> 45 

<212> BNA 

<213> Artificial Sequence 



<220> 
<223> 



<40a?- 1 



Description of the artificial sequence: 

EcoRI cleavage site, T7 Polymerase 

prottioter 



tacgactcac t»w»fleff» tcu*»»e 



45 



<210> 2 



17/01 '03 15:46 FAX 613 9863 3099 F.B. RICE & Co. M iua^°8§ /015 

TTTDi -TnrnTnr faT- + 5T-z eWizs* rr-AVsmsiLiThms _ J 



PCT/DEOO/00244 



WO 00/44895 

<211> 50 
<:212> DUJV 



<213> 



Artificial Sequence 



< 220> . * <-v,~ artificial sequence: 

«223> DeBcription of the art xfi polyro erase 

B^ffiHl cleavage site, 

promoter 

^c 2 c« .MM— —4" '*"" JB " i 

<211* 340 
<212> RilA 

<213> Artificial Sequence 



<220> 
_<223> 



Deecription of the artificial sequence: 

RNA which corresponds « a sequence from the 

positive control MA of the Htf- Nuclear 

Extract in vitro transcription Xit from 

Promega 



ucagaacucu agaagcuuua augegguaW uuau^u uaaauageua acgeagucas, 5 
gcaoegagua ^aaaucua* caaugcgeio auegucaucc cacccuggau 120 

gcug^ggca ^ggcuaggu **ugccggL c^egggcc ucuugcggga .aueguceau 180 
Lgacagsa uege^guc* cuauggegig cugcuagcg^ uauau^ «• 
cuaugcgcac c^cucgg agcac-guic gacsgcuuug gccgccgccc aguc^ugcuc 300 
gcuucgcu«e uuggagccae uaucgacuae gegaueaugg 3 



<210> 4 

<:2X1> 363 

<212> DUA 

*213> ' Artificial Sequence 



<220> 
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positive control DNA of tn 

Ltract in ^ tran.cript.cn fcxt from 
Promega 

tTsJ.^ agaagcccca a 8 g« 5 cag> «atcac a gc caaactgcta ~««« «• 
igoa««aa MfK acegr^cc »g^-m — "° 
geegtaggaa ta»e«CT tat^cgpta 

teeoaeagca tegecaSftea etatggegttg acgeeasegc catacgog 
:^«c «Uc« W a^acScc gccg«*cce DO 

vJZZtm wwagccae ta^gacj^ gegauca.gg W cacacc c^cccg^, 360 
ace ] 

<210> 5 

*:211> 315 

<212=» RNA 

<213> Artificial Sequence 
<220> 

<22 3> Description of the artificial sequence: 
Sequence from the YFP gene 

<4QQ> 5 ! 

auggugagca agggcgagga gcuguuc^cc ggggugguge eeauccuggu cgagcxiggac 60 
ggcgacffuaa aesgc'caeaa gmic«gegug ucKroegagg gcgagggcga ugccaeeuac 120 
ggenagctiga cecugaaguu caiicugcB.ee accggcaagc ugeccg^gc* euggccc«c= 1&0 
cucgug&cca cccugaccua cggcgugeag ugcweagcc gcuaccccga ccacwgaag 240 
cascacgacu ucimeaaguc cgccaugcec gaaggcuacg uwaggageg caccaucwie 3Q0 
uacaaggaeg acgge ! 315 



<210> 6 

<211> 52 

<212> DNA 

<213> Artificial Sequence 



<22 0> 

<223> Description of the artificial sequence i 
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<210> "7 
<212> DNA 



c220> 
<223=> 



<212> 

<213> Artificial Sequence 

^LL. ^ j *~ ,tOTM " 9aM * w 



"<aio> 8 

<211> 21 

<212> SNA 

<213> Artificial Sequence 
<220> 



<223> Description of the artificial sequence, _ 

noi which corresponds to a sequence fxon, the 



YFP gene 



*4DB> 8 

ax 

u^affcugga cgocgacgua a 
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New Patent Claims 

caxset 9«ne 1= a „ n ...branded »te»com 

^ori^cleotid. -it* J-M- ^ s . ngle stranas 

(a3OT M for»=d by ™° '"-'^ one «ra*d ot 
the target gene, 

characterized in that 25 
complementary region bas ^ 9S 
15 successive nucleotide pairs. 

2 . «etuod — — • « — l ' ^"^eX * 
enclosed by cellar structures, preSerably W 

liposomes- 

clai™, -bere the d.** is 

viral cspsids or by chaadcally or eurymatieally 
produced arti£icial capsids or structures derived 



25 



30 



3S 



Method according to one at the preceding claims, 
where the target gene is expressed in euJcaryotxc 
cells. 

Method aecording to one of the preceding claims, 
wnere the target gene is selected the 
following group: oncogene, cytokin gene, Id- 
protein gene, development gene, prion gene. 

Method according to one of tne preceding claims, 
where the target gene is expressed ,n pathogens 
organisms, preferably in Plasmodia, 
jvMENDED SHEET 
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10 



where the target gene i.« P 
viroid. 

laim 7 wh ejre the virus is a 
l . Method according to cl«to 7. wh 

virus or viroid which is pathogenic to 

. .„ ^ where the virus or 

»• — 3 r°;^. or ^ e ii- i. * 

viroid is a vxrus or vj- 

for aniioals or ptiytopatHogefiic . 

10. Method according to one of the P tEaiLded 
where segments of the ds*NA are xn do 



15 form 
11 



20 



25 



30 



35 



Method according « one of the- P--^ 
whera the ends of the dsKNA are modified i« order 
to counteract degradation in the cell or 
dissociation into' the single strands. 

2 Method according to one of the preceding claims 
.here the cohesion of the double- stranded 
structure, which is caused by the complementary 
nucleotide pairs, is increased by at least one, 
preferably two, further chemical l*n>-a S e<s> . 

13 Method according to one of the preceding claims, 
where the chemical linkage is formed by a covalent 
or ionic bond, a hydrogen bond. hydrophobic 
interactions, preferably van-der-Waals or stacking 
interactions, or by metal-ion coordination. 

14 method according to one of the preceding claims 
where the chemical linkage is generated at at 

£ - , „ w,4--h ends of the double- 
least one, preferably r>ot:n, ena» 

stranded structure. 
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IS. Method according to oxxe of thfc preceding claims, 
where the chemical linage is formed by means of 
one or more compound groups, the compound groups 
preferably being polytoxyphosphinicoosor- 

l,3~propanediol) and/or polyethylene glycol 
chains ♦ 



16 

10 



Method according to one of the preceding claims, 
where the chemical linkage is formed by purine 
analogs used in the double- stranded structure in 
place of purines. 



17. Method according to one of the preceding claims, 
where the chemical linkage is formed by azabenzene 
15 units introduced into the double -stranded 

structure. 



18. Method according to one of the preceding claims, 
where the chemical linkage is formed by branched 

20 nucleotide analogs used in the double-stranded 

_ . structure in place of nucleotides- 

19. Method according to one of the preceding claims, 
where at least one of the following groups is used 

25 fox generating the chemical linkage: methylene 

blue; bifunctional groups, preferably 

bis (2-chloroethyl) amine; N-acetyl-N'- (p-glyoxyl- 
benzoyl) cys taurine; 4-thiouracil; psoralene . 

30 20. Method according to one of the preceding claims, 
where the chemical linkage is formed by 
thiophosphoryl groups provided at the ends of the 
double-stranded structure. 

3 5 21. Method according to one of the preceding claims, 
where the chemical linkage at the ends of the 
double-stranded structure is formed by triple- 
helix bonds . 
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Method according to one of the Preceding claims, 
where at least one ^roup ° f f* 

nucleotides of the dsSHA in the double-stranded 
structure is replaced by a chemical group, 
preferably a 2 '-amino or a 2 '-methyl group. 

Method according to one of the preceding claims, 
where at least one nucleotide in at least one 
10 strand of the double-stranded structure is a 

locked nucleotide with a sugar ring which is 
chemically modified, preferably by a 2'-O r 4'-C- 
methylene bridge. 

15 24. Method according to one of the preceding claims, 
where tha dsRNA is bound to, associated with or 
surrounded by, at least one viral coat protein 
which originates from a virus, is derived 
therefrom or has been prepared synthetically. 

20 

•25V "Method according to one of the preceding claims, 
where the coat protein is derived from 
polyomavirus . 

25 26, Method according to one of the preceding claims, 
where the coat protein contains the polyomavirus 
virus protein 1 (VPl) and/or virus protein 2 
(VP2). 

30 27. Method according to one of the preceding claims, 
where, when a capsid or capsid-type structure is 
formed from the coat protein, one side faces the 
interior, .of the- capsid or capsid-type structure. 

3 5 28. Method according to one of the preceding claims, 
where one strand of the dsKNK is complementary to 
the primary or processed RNA transcript of the 
target gene. 
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^ . acCording to one of cue" preceding claims, 
29. Method accoraing <- human 
where the cell is a vertebrate cell o 

cell . 



anmants 0 f one strand of eaoxi 
segments or least ^ 

complementary to an each, case one 
different target genes. 

Method according to one of the preceding claims, 
where one of the target genes is the PKR gene. 

32 Medicament with at least one oligonucleotide 
' with double-stranded structure <d«n> formed by 
two separate KNA single strands for inhibiting the 
expression of a given target gene, where one 
20 strand of the dsRNA has a region wbxcn xs 

- • complementary to the target gene, 
characterized in that 

the complementary region has less than 25 
successive nucleotide pairs. 



30. 

10 

31. 

15 



25 



33. 



Medicament according to claim 32, where the dsRNA 
is enclosed by micellar structures, preferably by 



liposomes 



30 34. Medicament according to either of claims 32 or 33, 
where the dsRNA is enclosed by natural viral 
capsids or by chemically or enzymatically produced 
artificial capsids or structures derived 
therefrom. 



35 



3S. 



Medicament according to one of claims 32 to 34, 
where the target gene can be expressed in 
eukaryotiic cells . 
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36 Medicament according to one of claims 32 to 35, 
where the target gene is selected from the 
following group: oncogene, cytokin gene, Id^ 
5 protein gene, development gene, prion gene. 



37 



10 



3B 



Medicament according to one of claims 3 2 to 36, 
where the target gene can he expressed in 
pathogenic organisms, preferably in Plasmodia. 

Medicament according to one of claims 32 to 37 , 

where the target gene is part of a vims or 
viroid. 

i5 39. Medicament according to claim 38, where the virus 

is a virus or viroid which is pathogenic for 
humans. 

40. Medicament according to claim 38, where the virus 
20 or viroid is a virus or viroid which is pathogenic 

- ■■ - for animals. 

41. Medicament according to one of claims 32 to 40, 
where segments of the dsRNA are in double- stranded 

25 form. 

42. Medicament according to one of claims 32 to 40, 
where the ends of the dsRNA are modified in order 
to counteract degradation in the cell or 

30 dissociation into the single strands. 

43. Medicament according to one of claims 32 to 42, 
where the cohesion of the double-stranded 
structure, which is caused by the complementary 

3S nucleotide pairs, is increased by at least one, 

preferably two, further chemical linkage (s) . 
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- alms 32 to 43 , 
44. Medicaid according to one of cl* covalent 
wne re the chemical linkage « f o— * ^ 
or ionic bond, a ^dro.en W 
interactions, preferably van-der *4 
5 interactions, or by metal-ion coordination . 

45 . Medicament according to on. of claims , 32 to 44, 

where the chemical linkage is g^-ed ^at 

least one, preferably both, ends 
10 stranded, structure. 

46 Medicament according to one of claims 32 to 45 
where the chemical linkage is forced by means of 
one or more compound groups, the compound groups 
X5 preferably being poly C oxyphosphinicoo*y- 

1,3-propanediol) and/or polyethylene glycol 
chains . 

47. Medicament according to one of claims 32 to 46, 
where the chemical linkage is formed by purine 
" '" 'analogs used in the double-stranded structure in 
place of purines. 

48- Medicament according to one of claims 32 to 47, 
where the chemical linkage is formed by azabenzene 
units inserted into the double-stranded structure. 

49. Medicament according to one of claims 32 to 48, 
where the chemical linkage is formed by branched 
nucleotide analogs used in the double- stranded 
structure in place of nucleotides. 



20 



25 



30 



50 



Medicament according to one of claims 32 to 49, 
where at least one of the following groups is. used 
35 for generating the chemical linkage: methylene 

blue; Afunctional groups, preferably bis (2- 
chloroethyl ) amine ; N-acetyl-N' - <p-glyoxylbenzoyl ) - 
cystaroine; 4-thiouracil; psoralens. 
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Medicament according to one of claims 32 to SO, 
where die chemical linkage is formed by 
thiophosphoryl groups provided at the ends of the 
double- stranded structure. 

52. Medicament according to one of claims 32 to 51, 
where the chemical linkage are [sic] triple-helix 
bonds provided at the ends of the double- stranded 

10 structure- 

53. Medicament according to one of claims 32 to 52, 
where at least one 2 ' -hydroxy 1 group of the 
nucleotides of the dsHNA in the double-stranded 

15 • structure is replaced by a chemical group, 

preferably a 2 '-amino or a 2 '-methyl group. 



51. 



5 



54. Medicament according to one of claims 32 to 53 r 
where at least one nucleotide in at least one 
20 strand of the double- stranded structure is a 

- " "locked nucleotide with a sugar ring which is 
chemically modified, preferably by a 2 r -0, 4'-C- 
methylene bridge - 

25 55. Medicament according to one of claims 32 to 54/ 
where the dsHNA is bound to, associated with or 
surrounded by, at least one viral coat protein 
' which originates from a virus, is derived 
therefrom or has been prepared synthetically, 

30 

56. Medicament according to one of claims 32 to 55, 
where the coat protein is derived from the 
polyomavirus . 



35 57. Medicament according to one of claims 32 to 55, 
where the coat protein contains the polyomavirus 
virus protein 1 (VFl) and/or virus protein 2 
(VP2) . 
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59. 



58 Medicament according to one of claims 32 to 57, 
where, when a capsid or capsid-type structure is 
formed from the coat protein, one side faces the 
interior of the capsid or capsid-type structure. 

Medicament according to one of claims 32 to 58, 
where one strand of the dsKNA is complementary to 
the primary or processed KNA transcript of the 
10 target gene. 

Medicament according to one of claims 32 to 59, 
where the cell is a vertebrate cell or a human 
cell. 

Medicament according to one of claims 32 to 60, 
where at least two ds*NAS which differ from each 
other are contained in the medicament, where at 
least segments of one strand of each dsBNA are 
complementary to in each case one of at least two 
" " different target genes . 

62- Medicament according to claim 61, where one of the 
target genes is the PKR gene- 



60. 



15 

61 



20 



25 

63. Active ingredient with at least one 
oligorihonucleotide with double -stranded structure 
(dsRNA) formed by two separate RtfA single strands 
for inhibiting the expression of a given target 

3 0 gene/ where one strand of the dsRNA has a region 

which is complementary to the target gene, and 
where the target gexie is part of a phytopathagenic 
virus or viroid, 
characterized in that 

35 the complementary region has less than 25 

successive nucleotide pairs. 
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64 Active ingredient according to claim 63, where the 
target gene can be pressed in eukaryotic cells. 

65. Active ingredient according to claim 63 or 64 
where segments of the dsENA are in double- stranded 
form. 

Active ingredient according to one of claims 63 to 

65, where the ends of the dsKNA are modified m 
order to counteract degradation in the cell or 
dissociation into the single strands. 

67 Active ingredient according to one of claims 63 to 

66, where the cohesion of the double-stranded 
15 structure, which is caused by the complementary 

nucleotide pairs, is increased by at least one, 
preferably two, further chemical linkage (s). 

68. Accive ingredient according to one of claims 63 to 
20 67, where the chemical linkage is formed by a 

- • -covalent or ionic bond, a ■ hydrogen bond, 
hydrophobic interactions, preferably van-der-Vfaals 
or stacking interactions, or by metal-ion 
coordination. 



10 



25 

69. 



Active ingredient according to one of claims 63 to 

68, where the chemical linkage is generated at at 
least one, preferably both, ends of the double- 
stranded structure. 

30 

70. Active ingredient according to one of claims 63 to 

69, where the chemical linkage is formed by means 
of one or more compound groups, the compound 
groups preferably being poly (oxyphosphinicooxy- 

35 1,3-propanediol) and/ or polyethylene glycol 

chains . 
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71 Active ingredient according to one of claims 63 to 
70, where the cnemical linkage is formed by purine 
analogs used in the double-ser ended structure in 
place of purines. 

72. Active ingredient according to one of claims 63 to 
7X where the chemical linkage is formed by 
azabenzene units inserted into the double- stranded 
structure . 

Active ingredient according to one of claims 63 to 

72, where the chemical linkage is formed by 
branched nucleotide analogs used in the double- 
stranded structure in place of nucleotides. 

15 74 Active ingredient according to one of claims 63 to 

73, where at least one of the following groups is 
used for generating the chemical linkage, 
methylene blue; Afunctional groups, preferably 
bis (2-chloroethyl) amine; N-acetyl-N' - (p-glyoxyl- 
benzoyUcystamine; 4-thiouracil; psoralene. 

75. Active ingrediem: according to one of claims 63 to 

74. where the chemical linkage is formed by 
25 thiophosphoryl groups provided at the ends o£ the 

double-stranded structure. 

76. Active ingredient according to one of claims 63 to 

75. where the chemical linkage are triple-helix 
30 bonds provided at the ends of the double- stranded 

structure. 

77. Active ingredient according to one of claims 63 to 

76. where at least one 2'-hydroxyl group o£ the 
35 nucleotides of the dsRNA in the double -stranded 

structure is replaced by a chemical group, 
preferably a 2 '-amino or a 2 '-methyl group. 



20 
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78. Active ingredient according to one of claims 63 to 
77, where at least one nucleotides at least one 
strand of the double- stranded structure is a 
locked nucleotide with a sugar ring which is 
chemically modified, preferably by a 2'-0, 4'-c- 
methylene bridge. 

79 Active ingredient according to one of claims 63 to 
78 where one strand of the dsPHA is complementary 
to' the primary or processed SNA transcript o£ the 
target gene. 



10 



80. 

15 



20 



25 



Active ingredient according to one of claims 63 to 
79, where at least two dsRNAs which differ from 
each other are contained in the active ingredient, 
where at least segments of one strand of each 
dsKNA are complementary to in each case one of at 
least two different target genes. 

81. Use of an oligoribonucleotide with double-stranded 
. - structure (dsSNA) formed by two separate RNA 
single strands or preparing a medicament or active 
ingredient for inhibiting tbe expression of a 
given target gene, where one strand of the dsBNA 
has a region which is complementary to the target 
gene, 

characterized in that 

the complementary region has less than 25 
successive nucleotide pairs. 



30 



82. Use • according to claim 81, where the dsKNA is 
enclosed by micellar structures, preferably by 
liposomes . 

3 5 83/ Use according to either of claims 81 or 82, where 
the dsRNA is enclosed by natural viral capsids or 
by chemically or enzymatically produced artificial 
capsids or structures derived therefrom. 
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Use according to one of claims 81 to 83, where the 
target gene can be expressed in eukaryotic cells. 

Use according to one of claims 81 to - 84, where the 
target gene is selected from the following group: 
oncogene, - 1 cytolcin gene, Id-protein gene, 
development gene, prion gene. 

Use according to one of claims 81 to 85, where the 
target gene can toe expressed in pathogenic 
organisms, •preferably in Plasmodia. 



84 



85 



10 86. 



87. Use according to one of claims 81 to 86, where the 
15 target gene is part of a virus or viroid. 

88. Use according to claim 87, where the virus is a 
virus or viroid which is pathogenic for humans. 

20 89. Use according to claim 87, where the virus or 
viroid is a vims or viroid which is pathogenic 
for animals or phytopathogenic. 

90- Use according to one of claims 81 to 89, where 
25 segments of the dsRNA are in double- stranded form. 

91. Use according to one of claims 81 to 90, where the 
ends of the dsKNA are modified in order to 
counteract degradation in the cell or dissociation 

30 into the single strands. 

92. Use according to one of claims 81 to 91, where the 
cohesion af the double- stranded structure, which 
is caused by the conqplementary nucleotide pairs, 

35 is increased by at least one, preferably two, 

further chemical linkage ( s) * 
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use according to one of claims 81 to 92, where the 
chemical linkage is formed by a covalent or ionxc 
bond, a hydrogen bond, hydrophobic interactions, 
preferably van- der- Waal s or stacking interactions, 
or by metal-ion coordination. 

use according to one of claiios 81 to 93, "here the 
chemical linkage is generated at at least one, 
preferably both, ends of the double-stranded 
structure . 

Use according to one of claims 81 to 94, where the 
chemical linkage is formed by means of one or more 
compound groups, the compound groups preferably 
being poly ( oxyphosphinieooxy-l , 3 -propanediol > 

and/or polyethylene glycol chains. 

Use according to one of claims 81 to 95, where the 



20 



97 



25 



98. 



30 



99. 



35 



chemical linkage is 



in the 
purines . 



double-stranded structure in place of 



Use according to on 
chemical linkage a 
introduced into the 



one 



Use according to 
chemical linkage i 
analogs used in 
place of nucleotide 



formed by purine analogs used 



a of claims 81 to 96. where the 
s formed by azabenzene units 
double-stranded structure. 



the 



of claims 81 to 97, where the 
formed by branched nucleotide 
double-stranded structure in 



Use according to one of claims 81 to 98, where at 
least one of the following groups is used for 
generating the chemical linkage: methylene blue; 
Afunctional groups, preferably bis (2-chloro- 
ethyl) amine ; N-acetyl-N' - (p-glyoxylbenzoyl) - 

cystamine; 4-thiouracil7 psoralene. 
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100 use according to one 'of claims 81 to 99, where the 
chemical linkage is formed by thiophosphoryl 
groups attached to the ends of the double-stranded 
structure. 



101. 



10 

102, 



15 



20 



25 



30 



35 



Use according to one of claims 81 to 100, where 
the chemical linkage at the ends o£ the double- 
stranded structure " is formed by triple-helix 
bonds . 

Use according to one' of claims 81 to 101, where at 
least one 2 '-hydroxy! group of the nucleotides of 
the dsRNA in the • double-stranded structure is 
replaced by a chemical group, preferably a 
2 '-amino or a 2 '-methyl group, 

103- Use according to one of claims 81 to 102, where at 
least one nucleotide in at least one strand of the 
double- strandea structure is a locked nucleotide 
with a sugar ring which is chemically modified, 
. -preferably by a 2 '-6, 4 • -C-methylene bridge , 

104. use according to one of claims 31 to 103, where 
the dsBNA is bound to, associated with or 
surrounded by. at least one viral coat protein 
which originates from a virus, is derived 
therefrom or has been prepared synthetically. 

105. Use according to one of claims 81 to 104, where 
the coat protein is derived from polyomavirus. 

106. Use according to one . of claims 81 to 105, where 
the coat protein contains the polyomavirus ^irus 
protein 1 (VPl) and/or virus protein 2 (VP2 ) . 

107. Use according to one of claims 81 to 106, where, 
when a capsid or capsid-cype structure is formed 
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from the coat protein, one side faces the interior 
of the capsid or capsid-type structure. 

108. Use according to one of claims Bl to 107 , where 

one strand of the dsBNA is complementary to the 

primary or processed RNA transcript of the target 
gene - 



10 



15 



20 



109. Use according to one of claims 81 to 108, where 
the cell is a vertebrate cell or a human cell, 

110. Use according to one of claims 81 to 109, where at 
least two dsMJAs which differ from each other are 
used, where at least segments of one strand of 
each dsESlA are complementary to in each case one 
of at least two different target genes. 

111. Use according to claim 110, where one o£ the 
target genes is the PKR gene. 

112: use according to one of claims 81 to 111, where 
the medicament is injectable into the bloodstream 
or into the interstitium of the organism to 
undergo therapy. 

113. Use according to one of claims 81 to 112, where 
the OsRNA is taken up into bacteria or 
microorganisms . 

3 0 114- Use of a vector for coding at least one 
oligoribonucleotide with double- stranded structure 
(dsRNA) formed by two separate RtiA single strands 
for preparing a medicament or active ingredient 
for inhibiting the expression of a given target 

3 5 gene, where one strand of the dsRNA has a region 

which is complementary to the target gene, 
characterized in that 



25 
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the c ompl ement ary region has less than 25 
successive nucleotide pairs. 



115, Use according to claim 114, where the target gene 
5 can be expressed in eukaryotic cells. 

116. Use according to claim 114 or 115, where the 
target gene is selected from the following group: 
oncogene, cytokin gene, Id-protein gene, 

10 development gene, prion gene. 

117- Use according to one of claims 114 to 116, where 
the target gene can toe e^epressed in pathogenic 
organisms, preferably in Plasmodia. 

15 

118. Use according to one of claims 114 to 117, where 
the target gene is part of a virus or viroid. 

119. Use according to claim 116, where the virus is a 
20 virus or viroid which is pathogenic for humans. 

120. Use according to claim 118, where the virus or 
viroid is a virus or viroid which is pathogenic 
for animals or phytopathogenic . 

25 

121. Use according to one of claims 114 to 120, where 
segments of the dsRNA are in double- stranded form. 

122. Use according to one o£ claims 114 to 121, where 
30 one strand of the dsRNA is complementary to the 

primary or processed SNA transcript of the target 
gene. 

123. Use according to one of claims 114 to 122, where 
35 the cell is a vertebrate cell or a human cell. 

124* Use according to one of claims 114 to 123, where 
at least two dsKNAs which differ from each other 
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are used, where at least segments of one strand of 
each dsKNA are complementary to in each case one 
of at least two different target genes. 

5 125. Use according to claim 125, where one of the 
target genes is the PKR gene. 
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